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oY1) 3" dia. x 2” tall billet

5

Hot Pressing

* Granulated powders are loaded into grafoil lined graphite dies
* Hot press has a graphite element with graphite _smc_m:o_._

* Typical hot pressing parameters:
— Atmosphere
* Initially vacuum

* Switch to inert (Ar or He) at 2000°C
— Extends graphite element life.

— Temperatures

+ 2000°C to 2200°C
— Pressures

+ 31to 4 ksi

* 67 billets pressed to date
— (8)2"dia. x 2" tall billets




Improved Powder Handling Results A
In More Uniform UHTC Microstructures """

4 HiB,/SIC
4 1970's Era

W L7 W

/SIC

' HfB,/SIC
 SHARP-B2

. Ames Material
_.2002

*Improved powder handling eliminates SiC and HfB,
agglomeration common in previous materials.




Microstructures of Current
HfB,-SIiC Materials

§HEseael Leier

* Microstructures show uniform distribution of SiC with a relatively fine grain size.
* XRD and EDS spectra do not reveal the presence of oxide containing phases

O
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Previous HfB,/SIiC Materials and Ames HfB,/SIC
Have Comparable Hardness

SEEI0S GEHIT

Sample ID Vickers Standard

| Hardness(GPa) Deviation
Ames Material 19.9 0.9
Circa 1999 21.2 [.0

« Cracks from indent in Ames material propagate intra-granularly (through the grains) where

as in the heritage materials cracks propagated inter-granularly (between the grains).
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Improved Processing Reduces
Strength Distribution in Later Billets

fili

7007~ T B 1 T [ _ 1
O Bi-Axial Flexure
L1 4-pt Bend
600 .
! () Strength measured in 4-pt bending
500 A o ) Bar Size: 3 x4 x45 mm
5 h (]
s 400 | ( o) o H Bi-axial testing
= ol H Disc Size: 25mm dia. x 1mm thick
S 300 . _
= = A: : As ground surfaces
200 |- mm _1 ,w
,m;x  Grafoil flakes introduced into
100 | /»v . . .
- billets during hand packing
) I T T L L * Flakes are responsible for low
I strengths in billet #59

trinsic Defects Billet # * Improved die packing will
eliminate this source of extrinsic

defects

i

Large Grafoil Flake -

ASTM C1161
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Fracture Surfaces of ARC Materials Do Not Show \%
Evidence of SiC Agglomeration ..~

\h

Circa 1999 HfB,/SiC Ames Processed HfB,/SiC
. ; L o , as.,ﬁi s sy 4@ A

;.\\1\,\.&“._\/_\/‘\1“ (7 o

.&«,@%

2

e
iy

¢

s

* Red circles highlight SiC agglomerates found in SHARP-B2 material as a result of
un-optimized powder processing
* Fracture surfaces of ARC materials do not reveal SiC agglomeration

* Some ARC bars show Grafoil flakes in the material introduced during die packing
* Grafoil defects can be eliminated via improved die packing procedures

24
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